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ABSTRACT 



The present invention is an improvement to a liquefac- 
tion process for natural gas, wherein refrigeration for 
the liquefaction process is provided by two closed-loop 
refrigeration cycles. The first or low level refrigeration 
cycle uses either a mixed refrigerant or a single compo- 
nent refrigerant as the heat pump fluid, and the second 
or high level refrigerant uses a mixed (multicomponent) 
refrigerant as the heat pump fluid. In the liquefaction 
process the second or high level refrigeration cycle 
cools the low level heat pump fluid. The low level 
refrigeration cycle cools and liquefies the cooled natu- 
ral gas feed. The improvement to the process is the use 
of an absorption refrigeration cycle to precool the natu- 
ral gas feed, the low level heat pump fluid, the high 
level heat pump fluid and, if required, the deep flash 
recycle. Heat to drive the absorption refrigeration cycle 
is provided by the exhaust gas from one or more drives 
for the compressors in the process. 

18 Claims, 3 Drawing Sheets 
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NATURAL GAS LIQUEFACTION PROCESS USING 
LOW LEVEL HIGH LEVEL AND ABSORPTION 
REFRIGERATION CYCLES 

TECHNICAL FIELD 

The present invention relates to a process for the 
liquefaction of natural gas. More specifically, the pres- 
ent invention relates to a liquefaction process utilizing 
low level, high level and absorption heat pump cycles 
for cooling and liquefying the natural gas. 

BACKGROUND OF THE INVENTION 

Numerous processes are know for the liquefaction of 
gases such as natural gas. The following are among 
those the most pertinent references: 

U.S. Pat No. 4,545,795 discloses a process and appa- 
ratus for liquefying natural gas using two closed cycle, 
multicomponent refrigerants wherein a low level refrig- 
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30 



erant cools and liquefies the natural gas and a high level 20 refrigerant cycle, 
refrigerant cools and partially liquefies the low level 
refrigerant. The high level refrigerant is phase sepa- 
rated in order to use lighter refrigerant components to 
perform the final lowest level of refrigeration while the 
liquid phase of the separation is split and then expanded 23 
for refrigeration duty in order to avoid multiple flash 
separations wherein heavier components are used to 
provide the lower levels of refrigeration. 

U.S. Pat No. 4,525,195 discloses an improvement to 
a process and apparatus for liquefying natural gas using 
two closed-cycle, multicomponent refrigerants; a low 
level refrigerant which cools the natural gas and a high 
level refrigerant which cools the low level refrigerant 
The improvement to the process comprising phase sepa- 
rating the high level refrigerant after compression and 35 
fully liquefying the vapor phase stream against external 
cooling fluid after additional compression. 

U.S. Pat No. 3,812,046 discloses a process for lique- 
faction of natural gas which employs a multicomponent 
cooling cycle coupled ti an absorption refrigerant cycle. 
The invention uses the exhaust from a driver for com- 
pressors in the multicomponent cycle to effect warming 
in the absorption refrigeration cycle. 
U.S. Pat No. 3,763,658 discloses a method and refrig. 



refrigeration cycle cools and liquefies the cooled natu- 
ral gas feed. Optionally, at least a portion of the lique- 
fied natural gas can be flashed thereby forming a flashed 
stream; and at least a portion of that flashed stream 
would be recompressed and recycled back to the pro- 
cess as a deep flash stream. The improvement to the 
process is the use of an absorption refrigeration cycle to 
precool the natural gas feed, the low level heat pump 
fluid, the high level heat pump fluid and, optionally, the 
deep flash stream. Heat to drive the absorption refriger- 
ation cycle can be provided by the exhaust gas from a 
drive for the compressors in the process. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a simplified flow diagram of a typical natu- 
ral gas liquefaction process using two two closed loop, 
refrigeration cycles. 

FIG. 2 is a simplified flow diagram of the process of 
the present invention which includes the absorption 



FIG. 3 is a flow diagram of the absorption refrigerant 
cycle showing the interaction between the cycle and 
the process of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As stated earlier, the present invention is an improve- 
ment to a liquefaction process for natural gas, wherein 
refrigeration for the liquefaction process is provided by 
a two-closed loop refrigeration cycles. The first or low 
level refrigeration cycle having either a mixed (multi- 
component, e.g. a mix of nitrogen, methane, ethane and 
propane) refrigerant as the heat pump fluid, and the 
second or high level refrigerant having a mixed or a 
single component (e.g., propane) refrigerant as the heat 
pump fluid. The refrigeration cycles can be any refrig- 
eration cycles, e.g. cascade cycle, multiple zone heat 
exchange cycle, multicomponent phase separation cy- 
cle, etc. 

In the liquefaction process the second or the high 
level refrigeration cycle cools the the low level heat 
pump fluid and can optionally initially cool the natural 
gas feed. The low level refrigeration cycle cools and 
eration system for liquefying a feed stream by first sub* 45 liquefies the cooled natural gas feed. The improvement 
jecting the feed stream to heat exchange with a single to the process is the use of an absorption refrigeration 
component refrigerant in a closed* cascade cycle and cycle to precool the natural gas feed, the low level heat 
thereafter, subjecting the feed stream to heat exchange pump fluid and the high level heat pump fluid. The 
with a multicomponent refrigerant in. a multiple zone preferred absorption refrigeration cycle is an ammonia- 
heat exchanger thereby forming a second, closed refrig- 50 water absorption refrigeration cycle. Heat to drive the 
erant cycle. 

Additional information concerning refrigeration cy- 
cles or liquefaction processes are disclosed in U.S. Pat 
No. 2,826,049; 2,909,905; 3,212,276; 3,418,819 and 
3,611,739. 
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SUMMARY OF THE INVENTION 

The present invention is an improvement to a lique- 
faction process for natural gas, wherein refrigeration for 



absorption refrigeration cycle can be provided by the 
exhaust gas from one or more drives for. compressors in 
the process. 

The present invention may be best understood in 
relationship to a typical natural gas liquefaction process 
known in the art. FIG. 1 illustrates such a process. With 
reference to FIG. 1, a natural gas feed stream, is fed to 
drier 18, via line 12 for removal of impurities which will 
freeze out at the cryogenic liquefaction temperatures. 



the liquefaction process is provided by a two closed- 60 Numerous types of driers are known in the art and all 



loop refrigeration cycles. The first or low level refriger- 
ation cycle having either a mixed (multicomponent) or 
a single component refrigerant as the heat pump fluid, 
and the second or high level refrigerant having a mixed 
refrigerant as the heat pump fluid. In the liquefaction 65 
process the second or high level refrigeration cycle 
cools the the low level heat pump fluid and can option- 
ally initially cool the natural gas feed. The low level 



known driers will work in the present invention. The 
dried natural gas is then optionally fed, via line 22, to 
high level refrigeration heat exchanger 24, wherein it is 
initially cooled. This initially cooled natural gas is then 
fed, via line 26, to low level refrigeration heat ex- 
changer 68 wherein the natural gas feed stream is fur- 
ther cooled and condensed (liquefied). In heat ex- 
changer 68, the natural gas feed stream in line 26 is 
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united with the deep flash recycle stream in line 38, 
thereby forming a liquid natural gas stream. 

This liquid natural gas stream is then fed, via line 28, 
to deep flash system 30, wherein the liquid natural gas 
stream is flashed in two stages producing two overhead 
flashed streams, the overhead flashed streams are re- 
heated and recompressed, a portion of the recom- 
pressed flash is used to provide fuel to the process com- 
pression and the remaining portion of the recompressed 
flash, known as the deep flash, is cooled and liquefied by 
sequential cooling in heat exchangers 24 and 68. The 
liquid portion of the flashed streams is removed from 
deep flash system 30, via line 40, as liquid natural gas 
product 

Cooling for high level refrigeration heat exchanger 
24 is provided by a mixed component (multicomponent) 
refrigerant or single refrigerant closed loop cycle. The 
high level refrigerant, which can be at varying condi- 
tions as shown in FIG. 1 lines 70, 72 and 74, is com- 
pressed in compressor 76. Compressor 76 can be a single 
compressor or a multiple stage compressor as the condi- 
tions require. The compressed high level refrigerant is 
aftercooled and phase separated in separator 84 to form 
an overhead stream and a liquid stream. The overhead 
from separator 84 in line 86 is compressed in compres- 
sor 88 and then fed, via line 90, to high level refrigerant 
cascade circuit 98, The liquid stream is fed to high level 
refrigerant cascade circuit 98, via line 96. In high level 
refrigerant cascade circuit 98, the mixed refrigerant is 
processed to provide refrigeration to precool the dried 
natural gas feed stream and cool the low level refriger- 
ant The processed mixed refrigerant streams are then 
recycled back to compressor 76, thus closing the cycle. 

Refrigeration duty for low level refrigeration heat 35 
exchanger 68 is provided by a mixed refrigerant closed 
loop cycle. In the cycle, a multicomponent refrigerant 
in line SO is compressed in compressors 52 and 54. This 
compressed low level refrigerant is the fed to, via line 
56, and cooled in heat exchanger 24 wherein it is par- ^ 
daily condensed. This condensed multicomponent re- 
frigerant is the phase separated in separator 62. The 
overhead and bottom of separator 62 are fed, via lines 
64 and 66, respectively, to low level refrigeration heat 
exchanger 68 for processing to provide refrigeration 45 
thereby liquefying the natural gas feed stream and deep 
flash recycle stream in lines 26 and 38, respectively. The 
processed overhead and bottom streams are then re- 
combined to form line 50, thus closing the cycle. 

To further understand the present invention, the pro- 
cess. of FIG. 1 has been modified to include an absorp- 
tion refrigeration cycle, the process of the present in- 
vention; this improved process is shown in FIG. 2. In 
FIG. 2, process streams and equipment which are simi- 
lar to FIG. 1 have been shown with identical numbers. 
With reference to the modifications in FIG. 2, the ab- 
sorption refrigeration cycle provides initial precooling 
to the natural gas stream prior to drying (line 12), the 
low level refrigerant prior to heat exchange with the 
high level refrigerant in exchanger 24 (line 56), the deep 60 
flash recycle stream prior to heat exchange with the 
high level refrigerant in exchanger 24 (line 32), the 
compressed high level refrigerant prior to phase separa- 
tion (line 78) and the compressed high level refrigerant 
overhead prior to being fed to exchanger 24 (line 90). 
This precooling could be conducted in heat exchangers 
14, 58, 34, 80 and 92, respectively. The remainder of the 
process is the same as in FIG. 1. 
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To better show the interaction between the absorp- 
tion refrigeration cycle and the process of FIG. 2, FIG. 
3 has been provided. FIG. 3 shows a standard ammonia- 
water absorption refrigeration cycle. With reference to 
FIG. 3, waste heat, for example, in the form of exhaust 
from the drive for the compressors in the refrigeration 
cycles, is fed, via line 100, to heat exchanger 102 
wherein it used to heat and vaporize a portion of the 
bottoms liquid, in line 104, from ammonia-water distilla- 
tion column 108. This warmed vapor is returned to 
column 108, via line 106. Overhead from column 108 is 
removed, via line 110, cooled thereby condensing the 
overhead and split into two portions. The first portion 
. in line 114 is united with a portion of the liquid from the 
bottoms of separator 118 in line 128 and fed to the top of 
column 108 as reflux. The second portion in line 116 is 
subcooled, flashed and phase separated in separator 118. 

The bottoms liquid or separator 118 is removed via 
line 120 and split into a major portion and a minor por- 
tion. The minor portion in line 124 is pumped up to 
pressure in pump 126 and united with condensed liquid 
overhead in line 114, via line 128. The major portion in 
line 122 is divided into five substreams. Substream 130 is 
fed to heat exchanger 14 to precool the natural gas feed 
in line 12. Substream 132 is fed to heat exchanger 34 to 
precool the deep flash recycle in line 32. Substream 134 
is fed to heat exchanger 58 to precool the compressed 
low level refrigerant in line 56. Substream 136 is fed to 
heat exchanger 80 to precool the compressed high level 
refrigerant in line 78. Finally, substream 138 is fed to 
heat exchanger 92 to cool the compressed high level 
overhead in line 90. The warmed substreams, lines 140, 
142, 144, 146 and 148, are recombined and fed to phase 
separator 118, via line 150. 

The overhead from separator 118 is removed, via line 
168 and combined with warmed flashed bottoms liquid 
in line 166, which is a portion of the bottoms liquid from 
column 108 in line 160 which is warmed in heat ex- 
changer 162 and flashed across valve 164, to form 
stream 170. Stream 170 is cooled, pumped to pressure in 
pump 172 and divided into two intermediate recoil 
streams. The first intermediate reboil stream in line 176 
is cooled in heat exchanger 162 and introduced to a 
lower portion of column 108, via line 178. The second 
intermediate reboil stream is fed to an intermediate 
location of column 108, via line 180. 

To demonstrate the efficacy and benefits of the pres- 
ent invention, the processes of FIG. 1 and 2 are com- 
puter simulated. Table I provides a comparison of se- 
lected parameters for the two processes. 

TABLE I 



Parameter 



Process of 
FIO. 
! 



Process of 
FIO. 
2 



65 



LNO production: MMSCFD 

Compressor Power: Hp 

Low Level Cycle 

High Level Cycle 

Deep Flash 

Total 

Specific power: Hp/MMSCFD 
Mixed Refrigerant Composition: ' 
High Level 

cr 

c 2 

c 3 

Low Level 

N 2 

Cj 

C 2 



340.0 

56390 
57,527 
11.647 
125,564 
369.3 



1.1 
38.9 
60.0 

0.2 
45.7 
48.7 



381.84 

55,020 
54,588 
11,554 
121.162 
317,3 



1.1 
50.0 
48.9 

0.0 
43.5 
56.5 
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TABLE I-continued 



Parameter 


Process of 
FIO. 
1 


Process of 
FIO. 
2 


C 3 


5.4 


0.0 


Exchanger UA X IE 6 






High Level Total 


51.57 


50.78 


Low Level Total 


38.44 


29.50 


Available Waste Heat MMBTU/hr 


709.2 


609.4 


Adspt Reboiler Duty: MMBTU/hr 


0.0 


461.9 


Unused Waste Heat: MMBTU/hr 


709.2 


147.5 



As can be seen from the above table, comparing the 
specific power for each process, the process of the pres- 
ent invention is considerably more energy efficient than 
the prior art process; 16.4% more energy effirientjt 
should be noted that not all the waste heat was utilized, 
if it were, further improvement could be achieved. 

To provide a further comparison of the process of the 
present invention versus other prior art processes, Table 
II is presented. In Table II, several prior art processes 
are listed along with the production capacity per the 
same amount of energy input based on input to gas 
turbines. 
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TABLE II 





Production 


Process 


Capacity: 96 . 


FIO. 1 


104 


FIO. 2 


121 


U.S. Pat No. 3,817,046 


107 


U.S. Pat No. 3,763,658 


too 


U.S. Pat No. 4,525.795 


104 


U.S. Pat No. 4,545.795 


104 



As can be seen from the above table, the process of 
FIG. 2, the process of the present invention on an en- 
ergy efficiency basis is much superior to any of the prior 
art process. 

Finally, there are some other notable advantages to 
the process of the present invention in addition to the 
increase in energy efficiency without the use of auxil- 
iary firing. Among these are: the ability to control tem- 
perature in certain areas of the process so as to avoid the 



ration of an absorption refrigeration cycle to precool 
the natural gas feed, the low level heat pump Quid and 
the high level heat pump Quid. 

2. The process of claim 1 wherein the absorption 
refrigeration cycle is an ammonia-water absorption 
refrigeration cycle. 

3. The process of claim 1 wherein the process further 
comprises the high level refrigeration cycle cooling the 
natural gas feed stream prior to cooling with the low 
level refrigeration cycle, 

4k The process of claim 1 wherein gas turbines pro- 
vide the energy to compress the low level and high 
level heat pump fluid in the low level and high level 
refrigeration cycles and waste energy recovered from 
exhaust from the gas turbines drives the absorption 
refrigeration cycle. 

5. In a process for the liquefaction of natural gas, 
wherein a natural gas feed stream is cooled and lique- 

20 fied; refrigeration for the liquefaction process is pro- 
vided by two closed loop refrigeration cycles; a first or 
low level refrigeration cycle, having a mixed (multi- 
component) heat pump fluid, cools and liquefies the 
natural gas feed stream; the second or high level refrig- 
25 eration cycle, having a mixed (multicomponent) refrig- 
erant heat pump fluid, cools the low level heat pump 
fluid; at least a portion of the liquefied natural gas is 
flashed thereby forming a flashed stream; and at least a 
portion of the flashed stream is recompressed and recy- 
30 ded back to the process as a deep flash stream; the 
improvement for improving the energy efficiency of the 
process comprises incorporation of an absorption refrig- 
eration cycle to precool the natural gas feed, the low 
level heat pump fluid, the high level heat pump fluid 
and deep flash stream. 

6. The process of claim 5 wherein the absorption 
refrigeration cycle is an ammonia-water absorption 
refrigeration cycle. 

7. The process of claim 5- wherein the process further 
40 comprises the high level refrigeration cycle cooling the 

natural gas feed stream prior to cooling with the low 
level refrigeration cycle. 

8. The process of claim 5 wherein gas turbines pro- 
vide the energy to compress the low level and high 
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formation of hydrates; a stabilization of the high level 

precool compressor discharge pressure (Le., constant _ w __ _ _ 

precool temperature with varying ambient tempera- 45 level heat pump fluid in*the low level and high level 



tures); more flexibility for machinery power utilization 
and arrangement (Le., the ability to incrementally in- 
crease production for a given number and size of com- 
pressor drives); and can be easily retrofitted into a two 



refrigeration cycles and waste energy recovered from 
exhaust from the gas turbines drives the absorption 
refrigeration cycle. 
9. In a process for the liquefaction of natural gas, 



closed-loop cycle liquefaction plant to increase produc- 50 wherein a mtmd ^ feed stream h cooled and Uque' 

°%he present invention has been described with refer- ^L^*****?* ?f ** ^^on process \s pto^ 

IJr 1 „J^r~^J^ vided by two closed loop refrigeration cycles; a first or 

ence to a specific embodiment thereof. Th» embodi- j level refrigeration cycle, having a mixed (multi- 

ment should not be seen as a limitation of the scope of *■ Z *\ - ™1 * u 1 n J , v ™ 

the present invention; the scope of such being Jscer- 55 component) refrigerant heat pump fluid, cools and kq- 

tained by the following claims. uefies ^ natural S* 8 feed stream i ** d ^ ^cond or 
We claim: level refrigeration cycle, having a single compo- 

1. In a process for the liquefaction of natural gas, nent refrigerant heat pump fluid, cools the low level 

wherein a natural gas feed stream is cooled and Uque- heat P^P fluid J ^ improvement for increasing the 

fied; refrigeration for the liquefaction process is pro- 60 energy efficiency of the process comprises incorpora- 
vided by two closed loop refrigeration cycles; a first or ~* ~i 

low level refrigeration cycle, having a mixed (multi- 
component) refrigerant heat pump fluid, cools and liq- 
uefies the natural gas feed stream; and the second or 
high level refrigeration cycle, having a mixed (multi- 65 
component) refrigerant heat pump fluid, cools the low 
level heat pump fluid; the improvement for increasing 
the energy efficiency of the process comprises incorpo- 



tion of an absorption refrigeration cycle to precool the 
natural gas feed, the low level heat pump fluid and the 
high level heat pump fluid. 

10. The process of claim 9 wherein the absorption 
refrigeration cycle is an ammonia-water absorption 
refrigeration cycle. 

11. The process of claim 9 wherein the process fur- 
ther comprises the high level refrigeration cycle cool- 
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ing the natural gas feed stream prior to cooling with the 
low level refrigeration cycle. 

12. The process of claim 9 wherein the single compo- 
nent heat pump fluid is propane. 

13. The process of claim 9 wherein gas turbines pro- 5 
vide the energy to compress the low level and high 
level heat pump fluid in the low level and high level 
refrigeration cycles and waste energy recovered from 
exhaust from the gas turbines drives the absorption 
refrigeration cycle, 10 

14. In a process for the liquefaction of natural gas- 
wherein a natural gas feed stream is cooled and lique- 
fied; refrigeration for the liquefaction process is pro- 
vided by two closed loop refrigeration cycles; a first or . 
low level refrigeration cycle, haying a mixed (multi- 15 
component) heat pump fluid, cools and liquefies the 
natural gas feed stream; the second or high level refrig- 
eration cycle, having a single component refrigerant 
heat pump fluid, cools the low level heat pump fluid; at 
least a portion of the liquefied natural gas is flashed 20 
thereby forming a flashed stream; and at least a portion 
of the flashed stream is recompressed and recycled back 
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to the process as a deep flash stream; the improvement 
for improving the energy efficiency of the process com- 
prises incorporation of an absorption refrigeration cycle 
to precool the natural gas feed, the low level heat pump 
fluid, the high level heat pump fluid and deep flash 
stream 

15. The process of claim 14 wherein the absorption 
refrigeration cycle is an ammonia-water absorption 
refrigeration cycle. 

16. The process of claim 14 wherein the process fur- 
ther comprises the high level refrigeration cycle cool- 
ing the natural gas feed stream prior to cooling with the 
low level refrigeration cycle. 

17. The process of claim 14. wherein the single com- 
ponent heat pump fluid is propane. 

18. The process of claim 14 wherein gas turbines 
provide the energy to compress the low level and high 
level heat pump fluid in the low level and high level 
refrigeration cycles and waste energy recovered from 
exhaust from the gas turbines drives the absorption 
refrigeration cycle. 
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